Additional index words. AFLP, cluster analysis, genetic diversity, watermelon, germ plasm identifi cation Abstract. Amplifi ed fragment length poly mor phism (AFLP) analyses were used to as sess genetic diversity among 30 genotypes of watermelon [Citrullus lanatus (Thunb.) Mansf.] representing a broad genetic base, including breeding lines and commercial germ plasm. Eight AFLP primer com bi na tions se lect ed from 64 primer combinations were poly mor phic. The polymorphism was 13.0% to 31.9% within the 28 cultivars examined, and 45.3% to 64.2% among all the genotypes. Each genotype could be suc cess ful ly dis tin guished based on AFLP scor ing. Cluster grouping of accessions based on the AFLP analysis was consistent with that from classifi cation by pedigrees and ecotypes.
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The assessment of germplasm diversity is a prerequisite for effective utilization of ge net ic resources. Watermelon is a commonly grown spe cies worldwide that includes a di verse assay of cultivated germplasm and wild types (Bailey, 1930; Bates and Robinson, 1995; Jeffrey, 1975) . New cultivars, especially hy brids, are being developed continuously. Tra di tion al tax on o my of C. lanatus is mainly based on unique morphological char ac ters, such as fruit shape, rind color, seedcoat, shape, and disease and insect resistance traits. How ev er, range of morphological characters is relatively small and not suffi cient to dif fer en ti ate some wa ter mel on genotypes. Ad di tion al ly, many of these traits are developmentally regulated or in fl u enced by environmental con di tions (Provvidenti, 1994; Taylor, 1989) .
Enzyme and seed protein polymorphism has been used to estimate the genetic diversity of watermelon germplasm (Biles et al., 1989; Navot and Zamir, 1987; Walters et al., 1991; Zamir et al., 1984) . Polymorphic differences were observed between cultivated and wild genotypes. The poly mor phism within culti vars is smaller than that between cultivars and wild genotypes. The ef fec tive ness of en zyme systems for genetic as sess ment of wa ter mel on, however, is limited by the number of systems available and the paucity of isozy mic vari a tion.
Compared with protein markers, more ef fi cient and reliable DNA-based markers, such as random amplifi ed polymorphic DNA (RAPD) and simple sequence repeat (SSR) mark ers, have been used for assessing di ver si ty in watermelon (Hashizume et al., 1993; Jarret et al., 1997; Lee et al., 1996; Zhang et al., 1994) . However, not all of the cultivars an alyzed by RAPD markers were discriminated 11, 17, and 19 are tretraploid; the others are diploid.
The F 1 hybrids were provided by the Pomo log i cal Institute of the Chinese Academy of Ag ri cul tur al Science, Zhengzhou City, China; and Northwest Agricultural Uni versi ty, Yangling City, China. Wild genotypes and American cultivars were obtained from R. Provvidenti of Cornell Univ., Ithaca, N.Y. The remaining accessions were provided by the National Engineering Re search Center for Vegetables, Beijing, China.
DNA extraction and AFLP analysis. Total genomic DNA was isolated from young leaves using a modifi ed CTAB method based on Murry (1980) . AFLP analysis was carried out using the Gibco-BRL AFLP Kit protocol (Cat. No. 10719-011, Life Technologies Inc.) . DNA (500 ng) was double-digested with Eco RI and Mse I, and the digested DNA fragments were ligated with Eco RI and Mse I adaptors, re spec tive ly. A preselective amplification was carried out with Eco RI+A and Mse I+C prim ers, and the PCR product was diluted in a ratio of 1:15 with TE buffer, and then used as a template for the selective amplifi cation. Se lec tive amplifi cation primers (Eco RI+2/+3) were radiolabeled with (r-33 p) ATP (pur chased from Amersham Bioscience Inc.). The prod ucts of AFLP analysis were separated on 6% PAGE sequencing gel, run at 100 W, 1800 V, for 2.5 h. The gel was dried with BRL Model 583 gel dryer (Cat. No. 165-1746, Bio-Rad Lab.) . The X-ray fi lm was exposed in darkness for 1 to 2 d at -70 °C.
Cluster analysis. DNA fragments gen er at ed by AFLP analysis were scored as pres ence (represented by 1) and absence (rep re sent ed by 0) for each amplifi ed fragment, re spec tive ly. Genetic similarity was cal cu lat ed based on the formula as:
where N (i, j) was the number of fragments shared between in di vid u als, while N (i) and N (j) were the number of fragments in the in di vid u al i and j, re spec tive ly (Nei and Li, 1979) . This data matrix was used in unweighted pair-group average (UPGA) cluster anal y sis using STA-TISTICA software with Percent Agree ment linkage dis tance (SAS, 1988) .
Results and Discussion
AFLP analysis. Thirty watermelon geno types (Table 1) were screened using 64 AFLP primer combinations. Of these, eight primer com bi na tions (Table 2) were selected for fur ther analysis based on the number of distinct, re pro duc ible fragments amplifi ed among close ly related genotypes (Table 1) . Among the am pli fi ed fragments recorded, 13.0% to 31.9% were polymorphic within the 28 cul ti vars, while 43.5% to 64.2% were polymorphic among all the 30 genotypes examined ( (Hashizume et al., 1993; Lee et al., 1996; Levi et al., 2001; Zhang et al., 1994) . Although SSR markers were comparatively more ef fec tive in detecting genetic poly mor phism be tween cul ti vat ed and wild types of wa ter mel on, the number of markers is relatively limited (Jarret et al., 1997) .
A comparative analysis of the performance of several types of molecular markers (i.e., AFLP, RFLP, SSR, and RAPD) for genetic diversity measurement has been carried out in several plant species (Garcia-Mas et al., 2000; Li et al., 2000; Lin et al., 1996; Pejic et al., 1998; Russell et al., 1997; Sharma et al., 1996; Wang et al., 1999) . Results indicate that AFLP markers are more reliable and poly mor phic than other markers examined. However, to our knowledge, the AFLP technique has not been used for ge net ic assessment of watermelon germplasm.
The objective of this research was to use the AFLP method to detect diversity and deter mine genetic relationships among different watermelon genotypes. The in ves ti ga tion will provide essential information for future mark er-facilitated breeding of wa ter mel on.
Materials and Methods
Germplasm. Thirty watermelon genotypes representing a wide range of breeding and commercially available germplasm with dif fer ent origins were used in the study. Five commercial F 1 hybrids (No. 3, 7, 10, 13, 16 in (No. 4, 11, 12, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 in Levi et al., 2001) , and SSR (Jarret et al., 1997) analysis. Zamir et al. (1984) found that 12 commercial cultivars of C. lanatus were mono mor phic for 19 isozyme loci examined. Like wise, Navot and Zamir (1987) reported that only four of 26 isozyme loci examined were polymorphic among 384 accessions. Bile et al. (1989) detected no polymorphic loci among eight watermelon cultivars. Using 14 random prim ers to differentiate 39 accessions, Lee et al. (1996) found that several genotypes still could not be distinguished from one or more other genotypes despite the high (21%) RAPD polymorphism detected. Levi et al. (2001) provided similar results using RAPDs. Sim i lar ly, several accessions could not be dif fer en ti at ed based on SSR polymorphisms (Jarret et al., 1997) . In contrast, the AFLP profi les were able to distinguish among all cultivars tested. These AFLP data indicate that the genetic distances within the cultivated varieties are very narrow.
Cluster analysis. Analysis of the AFLP data for the 30 watermelon genotypes (Table 1) produced a dendrogram of genetic re lat ed ness with similarity coeffi cients (SC) ranging from 0.56 to 0.99 (Fig. 1) . The genotypes could be divided into three major groups (Group I, II, and III) given a similarity level of 0.82.
Group I contains only one genotype, 'PI 296341ʼ, a Tsamma watermelon (Citrullus lanatus var. citroides) that is resistant to Fusar i um race 0, 1, and 2. This accession is native to Southern Africa and is characterized by fruit possessing interior pale, fi rm fl esh. This might have been predicted since Citrullus lanatus var. citroides has been proposed as the wild progenitor of the cultivated forms of watermelon (Bates and Robinson, 1995; Martyn and Netzer, 1991; Xuyong et al., 2000) .
Group II comprises one genotype, "Egun," which is the Egusi watermelon (Citrullus lanatus var. lanatus/egusi) of West African origin (Burkill, 1985; Oyulu, 1977) . Our re sults suggest that there is a strong ge net ic similarity (SC = 0.720) between the Egusi type and the cultivated ones (Fig. 1 ). There fore, Egusi types are likely related to the elite cul ti vars.
Group III comprises 28 cultivars (Citrullus lanatus var. lanatus) originated from East Asia and the United States. The high SC (0.82-0.99) among these accessions indicates that they have very close relationships despite di verse geographic origins. Because their ped i gree relationships are conglutinate with their cluster groupings, these accessions could be further divided into three subgroups: A, B, and C. Subgroup A includes fi ve genotypes rep re sent ing classical American ecotypes and, pre dict ably, 'Zhengkang-Fʼ and 'Xinong-Fʼ, both of which originated from "Sugarlee" (SC = 0.99). Nine cultivars clustered into Subgroup B have complex pedigrees and originate from the United States and East Asia as the result of se lec tion and breeding. For instance, 'Zhengkang#3ʼ is the F 1 hybrid of female par ent 'Zhengkang-Fʼ and male parent 'Zhengkang-Mʼ, both of which have complex ecotypic originations (Table 1) . 'Sugar babyʼ, although originating from the United States, has classical fruit characteristics typ i cal of East Asian ecotypes.
Thus, it is possible that 'Sugar babyʼ has East Asian germplasm ped i gree in it. Subgroup C, comprised of 14 cul ti vars, almost all orig i nat ed from Japanese and Chi nese ped i grees, can be illustrated as East Asian ecotypes. The SC values distinctly re fl ect the re la tion ships among the cultivars. For instance, since 'Zhengza-Mʼ is the male par ent of F 1 hybrid 'Zhengza#5ʼ, the fact that 'Zhengza-Mʼ and 'Zhengza#5ʼ are grouped together (SC = 0.99) can elucidate the genetic pedigree between the F 1 hybrid and parents. Similarily, since 'Q201ʼ is the hybrid with pedigree origin of '97103ʼ, while '97103ʼ is the male parent of 'Jingxin#1ʼ, then the group ing of 'Jingxin#1ʼ, 'Q201ʼ, and '97103ʼ can possibly expound the genetic re la tion ship be tween them. 'O-102ʼ and 'N-102ʼ are the sister lines mutually orig i nat ed from the same par ents in breeding; it is rea son able for 'O-102ʼ and 'N-102ʼ to be grouped together with high similarity (SC = 0.99). In cytogenetics, the genetic materials of tet ra p loids are re du pli cat ed from those of dip loids. Since 'T21ʼ is the tetraploid from diploid 'Jingxin-Fʼ, the close grouping (SC = 0.99) of 'T21ʼ and 'Jingxin-Fʼ can support the result of cytogenetics.
From the dendrogram presented here, we conclude that genetic clustering results based on AFLP data can refl ect the pedigree re la tion ships, geographic ecotypic origins, and cy to ge net ic results of watermelon accessions.
In conclusion, our results suggest that AFLP markers are useful for genetic diversity analy sis and variety identifi cation of watermelon. The further conversion of specifi c amplicons to SCAR markers could enhance the value of these markers for watermelon cultivar iden ti fi ca tion. 
